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A recent study has shown that the Hook protein
ZYG-12 of Caenorhabditis elegans is essential for
attachment of the centrosome to the nucleus. The
results suggest a novel mechanism for the tight
coupling between these two organelles, and shed
new light on its biological significance.
The centrosome plays a key role in cellular architecture
by determining the position of several associated
organelles, including the nucleus. The attachment of
centrosome and nucleus is robust, withstanding cell
lysis and homogenization, as well as solubilization of the
nuclear envelope [1,2]. Microtubules appear to play a
role in this attachment, as centrosomes and nuclei can
be separated by treatment of sea urchin embryos with
the microtubule destabilizing drug colcemid [3]. Dynein
has been implicated as well, because attachment
defects are apparent in a fraction of Drosophila or
Caenorhabditis elegans embryos with compromised
dynein function [4,5]. Dynein anchored on the outer
nuclear envelope may thus contribute to attachment
with the centrosome by transporting the nuclear cargo
towards the minus-end of microtubules [5], but other
components must be involved. A recent study [6] has
shown that the Hook protein ZYG-12 is indispensable
for attachment of centrosome and nucleus in C.
elegans; the results suggest a two-step mechanism for
retention of the centrosome–nucleus connection.
The sperm contributes the sole pair of centrioles to
the newly fertilized wild-type C. elegans embryo. The
first centrosome in the zygote is associated with the
male pronucleus, in close proximity to the posterior
cortex. After centrosome duplication, the two centro-
somes separate along the nuclear envelope to opposite
sides of the male pronucleus (Figure 1A, top). Con-
comitantly, astral microtubules are thought to push the
centrosomes and associated male pronucleus away
from the posterior cortex, and to mediate movement of
the female pronucleus towards the centrosomes
through minus-end-directed motor activity of dynein
anchored on the female pronucleus [7]. Thereafter, cen-
trosomes are juxtaposed with the two joined pronuclei
(Figure 1A, middle), such that chromosomes are placed
between the two centrosomes after nuclear envelope
breakdown (Figure 1A, bottom).
Malone et al. [6] have now reported that centrosomes
fail to localize next to the male pronucleus in all C.
elegans embryos lacking zyg-12 function (Figure 1B and
Figure 2), and that analogous defects occur in sub-
sequent cell cycles [6]. The two existing zyg-12 alleles
are temperature-sensitive, and centrosome detachment
is observed to occur within one minute after shifting to
the restrictive temperature. This indicates that ZYG-12
is required, not only for establishing attachment, but
also for maintaining it. Astral and spindle microtubules
are normal in zyg-12 mutant embryos, as is the distrib-
ution of the centrosomal proteins SPD-5 and ZYG-9.
Furthermore, centrosomes are indistinguishable from
wild type by electron microscopy. Therefore, zyg-12 is
specifically required for attachment of centrosome and
pronucleus/nucleus in early C. elegans embryos. 
ZYG-12 belongs to the Hook family of proteins [6],
which have been proposed to link microtubules and
membrane compartments [8]. In Drosophila, the Hook
family member dHk is a cytosolic protein that plays a
non-essential role in the trafficking of endocytosed
ligands [9,10]. Three human Hook proteins have been
identified; of these, hHk3 binds Golgi membranes as
well as microtubules, and may help define the organi-
zation of the Golgi apparatus [10]. C. elegans appears
to have a single gene encoding Hook proteins, zyg-12,
but there are three ZYG-12 isoforms, A, B and C, which
differ slightly in their carboxyl termini, isoforms B and C
having a predicted transmembrane domain [6]. 
A transgene expressing all three ZYG-12 isoforms
rescues the zyg-12 mutant phenotype, whereas
expression of either the A isoform alone or the B plus
C isoforms fails to do so. Thus, combined expression
of the A isoform and at least one of the other two
isoforms is needed for zyg-12 function. Interestingly,
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Figure 1. Nucleus–centrosome attachment in the C. elegans
zygote.
Schematic representations of events in (A) wild-type and 
(B) zyg-12 mutant C. elegans zygotes in: early prophase (top),
late prophase (middle) and mitosis (bottom). Blue disks, pronu-
clei (female to the left/anterior, male to the right/posterior); blue
ovals, chromosomes; red disks, centrosomes; red lines,
microtubules.
A BWild-type zyg-12 mutant
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ZYG-12 localizes to the centrosome and the nuclear
envelope. A GFP–ZYG-12A fusion protein localizes
solely to the centrosome, in a microtubule-dependent
manner, whereas GFP–ZYG-12B/C additionally local-
izes to the nuclear envelope, independently of micro-
tubules. Yeast two-hybrid experiments showed that
ZYG-12 undergoes homodimerization, like other Hook
proteins, and that this interaction is rendered temper-
ature-sensitive by the mutations carried by the two
zyg-12 mutant alleles, suggesting that it is physiologi-
cally relevant. Together, these findings suggest that
homotypic interaction between ZYG-12 molecules
mediates attachment of the centrosome and nuclear
envelope [6].
The mechanisms by which ZYG-12 achieves this
attachment have been further unraveled by the
identification of two associated components: SUN-1
and DLI-1. The sun-1 gene was identified during an
RNA interference (RNAi) screen as causing a zyg-12-
like phenotype [6]. The SUN-1 protein has a predicted
transmembrane domain and a SUN domain, which is
also found in the fission yeast protein Sad1p and C.
elegans UNC-84, a nuclear envelope protein required
for nuclear migration and positioning during later
stages of development [11]. Importantly, ZYG-12 no
longer localizes to the nuclear envelope in sun-1(RNAi)
embryos, whereas the distribution of ZYG-12 at
centrosomes is not affected [6]. SUN-1 may be an inner
nuclear envelope protein that interacts with outer
nuclear envelope proteins such as ZYG-12, preventing
their movement towards the contiguous endoplasmic
reticulum [6]. To test this possibility, it will be important
to determine whether SUN-1 and ZYG-12 physically
interact and to ascertain their localization by immuno-
electron microscopy.
Malone et al. [6] also found that ZYG-12 interacts with
the dynein light intermediate chain DLI-1, prompting
them to examine whether the distribution of compo-
nents of the dynein complex that normally localize to
the nuclear periphery, including the dynein heavy chain
DHC-1, is altered in the absence of zyg-12 function [6].
Strikingly, DHC-1 no longer localizes to the nuclear
envelope in zyg-12 mutant embryos, suggesting that
ZYG-12 may recruit the dynein complex to the nuclear
envelope through its interaction with DLI-1.
Malone et al. [6] propose a two-step model for attach-
ment of centrosome and pronucleus/nucleus (Figure 3).
Initially, proximity is achieved via dynein-mediated
translocation of the nuclear envelope towards the
minus-end of microtubules located at centrosomes.
ZYG-12 could be essential for this first step through its
requirement for dynein localization to the nuclear enve-
lope. Attachment then ensues in a dynein-independent
manner via homotypic interaction between ZYG-12 mol-
ecules on the centrosome and on the nuclear envelope.
Microtubules are expected to be required for both
steps: first, for allowing dynein-mediated translocation
along microtubules, and second, for the presence of
ZYG-12 on centrosomes. Accordingly, attachment is
defective in embryos lacking microtubules following
RNAi-mediated depletion of α-tubulin [6]. It will be inter-
esting to investigate how the proposed mechanism is
modulated during centrosome separation to permit
movement of centrosomes along the nuclear envelope,
and in instances where centrosome and nucleus 
are several microns apart, as in interphase polarized
epithelial cells [12]. 
To what extent is this two-step model generally
applicable? Dynein is recruited to the nuclear envelope
during prophase in mammalian cells [13,14], whereas
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Figure 2. Centrosomes (revealed by SPD-5 staining, red) are
located about 8 µm from the male pronucleus (in blue) in this
zyg-12(RNAi) C. elegans embryo. (The image is a projection of
two confocal slices, courtesy of Christian Malone.)
Figure 3. A two-step model for
centrosome–nucleus attachment. 
(A) Dynein anchored on the nuclear periph-
ery through the interaction between DLI-1
and ZYG-12, which is itself tethered to the
nucleus via SUN-1, translocates the cen-
trosome towards the nucleus. (B) Attach-
ment via homotypic interaction between
ZYG-12 molecules on the centrosome and
on the nuclear envelope. Blue lines, inner
and outer nuclear envelopes; gray cylinder,
nuclear pore; dark blue rectangle, SUN-1;
light blue rectangle, ZYG-12; orange ovals
and rods, DHC-1; yellow disk, DLI-1; red
disk, centrosome (the pair of centrioles is





centrosomes and nuclei are attached throughout the
cell cycle, indicating that initial proximity does not
always rely on dynein-mediated translocation of the
nuclear envelope. Moreover, the single Hook protein in
Drosophila is not essential and none of the three human
Hook proteins localizes to the nuclear envelope [8,10],
indicating that attachment relies on different molecules
in these organisms. Nevertheless, the principles uncov-
ered through the analysis of ZYG-12 may be generally
applicable to understand the special connection of cen-
trosome and nucleus throughout metazoan evolution.
Why should centrosome and nucleus form such a
tight pair? In principle, the attachment between these
two organelles could be important for nuclear envelope
breakdown, as dynein anchored on the nuclear enve-
lope generates tension along microtubules emanating
from neighboring centrosomes to trigger this process
[14,15]. Nuclear envelope breakdown  is not prevented
in zyg-12 mutant embryos [6], however, probably
because it occurs via an alternative pathway also used
in mammalian cells lacking microtubules [14,15].
Attachment could also facilitate capture of chromo-
somes by spindle microtubules, which may be espe-
cially important for cells that are large or have a rapid
cell cycle. Accordingly, following the aberrant position
of pronuclei, some chromosomes fail to congress on
the metaphase plate in zyg-12 mutant embryos (Figure
1B, bottom) [6]. Whereas such congression defects
may be resolved in other cells that have a slower cell
cycle or a more effective spindle assembly checkpoint,
these findings raise the possibility that attachment of
centrosome and nucleus may be important to prevent
genome instability.
References
1. Bornens, M. (1977). Is the centriole bound to the nuclear
membrane? Nature 270, 80-82.
2. Nadezhdina, E.S., Fais, D., and Chentsov, Y.S. (1979). On the
association of centrioles with the interphase nucleus. Eur. J. Cell
Biol. 19, 109-115.
3. Aronson, J. F. (1971). Demonstration of a colcemid-sensitive attrac-
tive force acting between the nucleus and a center. J. Cell Biol. 51,
579-583.
4. Robinson, J.T., Wojcik, E.J., Sanders, M.A., McGrail, M., and Hays,
T.S. (1999). Cytoplasmic dynein is required for the nuclear attach-
ment and migration of centrosomes during mitosis in Drosophila. J.
Cell Biol. 146, 597-608.
5. Gönczy, P., Pichler, S., Kirkham, M., and Hyman, A.A. (1999). Cyto-
plasmic dynein is required for distinct aspects of MTOC position-
ing, including centrosome separation, in the one cell stage
Caenorhabditis elegans embryo. J. Cell Biol. 147, 135-150.
6. Malone, C.J., Misner, L., Le Bot, N., Tsai, M.C., Campbell, J.M.,
Ahringer, J., and White, J.G. (2003). The C. elegans hook protein,
ZYG-12, mediates the essential attachment between the centro-
some and nucleus. Cell 115, 825-836.
7. Reinsch, S., and Gönczy, P. (1998). Mechanisms of nuclear posi-
tioning. J. Cell Sci. 111, 2283-2295.
8. Walenta, J.H., Didier, A.J., Liu, X., and Krämer, H. (2001). The Golgi-
associated Hook3 protein is a member of a novel family of micro-
tubule-binding proteins. J. Cell Biol. 152, 923-934.
9. Krämer, H., and Phistry, M. (1996). Mutations in the Drosophila hook
gene inhibit endocytosis of the boss transmembrane ligand into
multivesicular bodies. J. Cell Biol. 133, 1205-1215.
10. Krämer, H., and Phistry, M. (1999). Genetic analysis of hook, a gene
required for endocytic trafficking in Drosophila. Genetics 151, 675-
684.
11. Malone, C.J., Fixsen, W.D., Horvitz, H.R., and Han, M. (1999). UNC-
84 localizes to the nuclear envelope and is required for nuclear
migration and anchoring during C. elegans development. Develop-
ment 126, 3171-3181.
12. Reinsch, S., and Karsenti, E. (1994). Orientation of spindle axis and
distribution of plasma membrane proteins during cell division in
polarized MDCKII cells. J. Cell Biol. 126, 1509-1526.
13. Busson, S., Dujardin, D., Moreau, A., Dompierre, J., and De Mey,
J.R. (1998). Dynein and dynactin are localized to astral microtubules
and at cortical sites in mitotic epithelial cells. Curr. Biol. 8, 541-544.
14. Salina, D., Bodoor, K., Eckley, D.M., Schroer, T.A., Rattner, J.B., and
Burke, B. (2002). Cytoplasmic dynein as a facilitator of nuclear
envelope breakdown. Cell 108, 97-107.
15. Beaudouin, J., Gerlich, D., Daigle, N., Eils, R., and Ellenberg, J.
(2002). Nuclear envelope breakdown proceeds by microtubule-
induced tearing of the lamina. Cell 108, 83-96.
